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Experimental materials and methods
Synthesis and analysis
All the reagents and solvents were purchased from Sigma-Aldrich, AK Scientific, Fluorochem, Abcr GmbH, Acros and were used without further purification. All microwave irradiation reactions were carried out in a Biotage Initiator™ Microwave Synthesizer. Thin-layer chromatography was performed on Millipore precoated silica gel plates (0.20 mm thick, particle size 25 μm). Nuclear magnetic resonance spectra were recorded on a Bruker Avance 500 spectrometers { 1 H NMR (500 MHz), 13 C NMR (126 MHz)}. Chemical shifts for 1 H NMR were reported as δ values and coupling constants were in hertz (Hz). The following abbreviations were used for spin multiplicity: s = singlet, br s = broad singlet, d = doublet, t = triplet, q = quartet, quin = quintet, dd = double of doublets, ddd = double doublet of doublets, m = multiplet. Chemical shifts for 13 C NMR were reported in ppm relative to the solvent peak. Flash chromatography was performed on a Reveleris ® X2 Flash Chromatography, using Grace ® Reveleris Silica flash cartridges (12 gram). Mass spectra were measured on a Waters Investigator Supercritical Fluid Chromatograph with a 3100 MS Detector (ESI) using a solvent system of methanol and CO 2 on a Viridis silica gel column (4.6 × 250 mm, 5 µm particle size) or Viridis 2-ethylpyridine column (4.6 × 250 mm, 5 µm particle size). High resolution mass spectra were recorded using a LTQ-Orbitrap-XL (Thermo) at a resolution of 60000@m/z400.
Protein expression and purification
Fragment of the N-terminal domain of human MDM2 (residues 1-118) was cloned into the pET-20 (Novagen) and expressed in E. coli strain BL21-CodonPlus(DE3)-RIL as described previously. 1 In brief, cells were cultured at 37 °C. Protein expression was induced with 1 mM IPTG at OD600 of 0.8 and cultured for additional 5 h at 37 °C. Cells were collected by centrifugation and lysed by sonication. Inclusion bodies were collected by centrifugation, washed with PBS containing 0.05% Triton-X100 and subsequently solubilized in 6 M guanidine hydrochloride in 100 mM Tris-HCl, pH 8.0, containing 1 mM EDTA and 10 mM β-mercaptoethanol. The protein was dialyzed against 4 M guanidine hydrochloride pH 3.5 supplemented with 10 mM β-mercaptoethanol. Following, the protein was refolded by dropwise addition into 10 mM Tris-HCl, pH 7.0, containing 1 mM EDTA and 10 mM β-mercaptoethanol and slow mixing overnight at 4 °C. Ammonium sulfate was added to the final concentration of 1.5 M and the refolded protein was recovered on Butyl Sepharose 4 Fast Flow (GE Healthcare). The protein was eluted using 100 mM Tris-HCl pH 7.2 containing 5 mM β-mercaptoethanol and further purified by gel filtration on HiLoad 16/600 Superdex75 (GE S3 Healthcare) in 50 mM phosphate buffer pH 7.4 containing 150 mM NaCl and 5 mM DTT (FP/NMR buffer).
Fluorescence polarization assay
All FP measurements were performed using Tecan Infinite ® 200 PRO plate reader.
The assay was conducted in 50 mM NaCl, 10 mM Tris pH 8.0, 1 mM EDTA containing 5% DMSO. To determine the optimal concentration of the protein for the competition binding assay, the effective concentration of MDM2 (1-118) was each time ascertained by determining the apparent K d towards 5'FAM-LTFEHYWAQLTS (P2, 10 nM).
Competition assay was performed by contacting serial dilutions of tested compounds with 10 nM P2 at protein concentration yielding f 0 = 0.8. Fluorescence polarization was determined at 485 nm excitation and 535 nm emission 15 min after mixing all assay components. All tests were performed using Corning black 96-well NBS assay plates at room temperature.
NMR Experiments
Uniform 15 N isotope labeling was achieved by expression of the protein in the M9 minimal media containing 15 NH 4 Cl as the sole nitrogen source. Final step of purification of MDM2/X for NMR consisted of gel filtration into the NMR buffer (50 mM phosphate buffer pH 7.4 containing 150 mM NaCl, 5 mM DTT). 10% (v/v) of D 2 O was added to the samples to provide lock signal. Water suppression was carried out using the WATERGATE sequence. 2 All the spectra were recorded at 300K using a Bruker Avance 600 MHz spectrometer with the Cryo-Platform. The utilized amino acids were synthesized as previously reported; 5 The corresponding diamine (5.0 mmol) was dissolved in THF (30 mL) and then a solution of an anhydride (5.0 mmol) in THF (20 mL) was added dropwise during a 30 min period. The reaction mixture was further stirred for 1 h. The solvent was removed under vacuum and the resulting solid was washed with diethyl ether affording the targeted amino acids as white solids which were used without further purification.
Scheme S1. Reaction of unprotected diamines with cyclic anhydrides S5 2.2 Synthetic procedure and analytical data of the macrocycles
To a stirred solution of the α,ω-amino acid (1.5 mmol) in MeOH (5 mL), an aldehyde (1.0 mmol) was added and the reaction mixture was irradiated in microwave at 120 o C for 1 h. Afterwards, the reaction mixture was diluted by MeOH (10 mL), tert-butyl isocyanide was added and it was irradiated in microwave at 120 o C for an additional 1 h. The reaction progress was monitored by TLC (DCM/MeOH, 9:1). After completion of the reaction, the pure product was obtained by column chromatography (DCM/MeOH, 9:1). 
N-(tert-Butyl)-2-(3,11-dioxo-1-oxa-4,10-diazacyclododecan-4-yl)-2-(1H-indol-3-yl) acetamide (2b)
Yellow oil, 35% yield; 
N-(tert-Butyl)-2-(3,12-dioxo-1-oxa-4,11-diazacyclotridecan-4-yl)-2-(1H-indol-3-yl)
N-(tert-Butyl)-2-(3,14-dioxo-1-oxa-4,13-diazacyclopentadecan-4-yl)-2-(1H-indol-3-yl)
N-(tert-Butyl)-2-(3,16-dioxo-1-oxa-4,15-diazacycloheptadecan-4-yl)-2-(1H-indol-3-yl) acetamide (2e)
Yellow oil, 31% yield; 
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,14-dioxo-1-oxa-4,13-diazacyclopentadecan
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,16-dioxo-1-oxa-4,15-diazacycloheptadecan -4-yl)acetamide (2i)
Yellow oil, 51% yield; Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,11-dioxo-1-thia-4,10-diazacyclododecan-4 
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,18-dioxo-1-oxa-4,17-diazacyclononadecan-
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,10-dioxo-1-thia-4,9-diazacycloundecan-4-
N-(tert-
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,12-dioxo-1-thia-4,11-diazacyclotridecan-4-yl)acetamide (2m)
Pale-white solid, 39% yield; 
N-(tert-Butyl)-2-(6-chloro-1H-indol-3-yl)-2-(3,14-dioxo-1-thia-4,13-diazacyclopentadecan
Computational modeling of macrocycles 2h, 2i and 2n
Computational modeling of compounds 2h, 2i and 2n was performed using MOLOC software. 9 The crystal structure of the interaction of p53 peptide bound to MDM2 receptor (PDB ID 1YCR) was used for modeling. 10 The 2D structure of compounds 2h 2i and 2n (R-enantiomer) was converted into a 3D structure and energy minimized in the absence of the receptor. Next, the 3D structures of the compounds were manually placed into the MDM2 receptor and the indole ring was aligned to the indole ring of W23 of the p53 peptide. The tert-butyl amide group was oriented into the F19 pocket of MDM2 as seen in other small molecule MDM2 cocrystal structures (PDB ID 3TU1, 3TJ2, 4MDN). 11 Afterwards, the macrocycles were energy optimized in the MDM2 receptor using the standard settings of the force field of MOLOC ( Figure S4 ). The structures were rendered using PYMOL (the PyMOL molecular graphics system, version 1.2r3pre, Schrödinger, LLC). Figure S4 . Modeling of the macrocycle 2h (cyan sticks), 2i (yellow sticks) and 2n (magenta sticks) into the MDM2 receptor (PDB ID: 1YCR)
